Iodine is an essential part of the thyroid hormones that play an important role in the development of brain function and cell growth.
Introduction
Iodine is an essential part of the thyroid hormones that play an important role in the development of brain function and cell growth.
Deficiency of iodine causes serious delay in neurological development. On the other hand, an excess of iodine or iodide can cause goiter and hypothyroidism as well as hyperthyroidism. 1 Table salts are iodized by iodate as a source of iodine, in order to prevent iodine deficiency. The recommended concentration of the iodate in the salts is 40 ppm. 2 Several methods have been reported on the determination of iodate, such as gas chromatography-mass spectrometry, 3 ion chromatography, 4 chemiluminescence, 5 flow injection amperometry 6 and spectrophotometry. [7] [8] [9] [10] [11] Some reported spectrophotometric methods for the determination of iodate are based on its reaction with excess iodide to form triiodide. [7] [8] [9] In other spectrophotometric methods, iodate was determined after prior oxidation to periodate. 10, 11 The ion-associate of periodate with a suitable ion pairing agent was then extracted into an organic solvent and determined by spectrophotometric methods. Most of the proposed methods are either not sensitive enough, or require complicated and expensive instruments, or are timeconsuming, or provide high detection limits. The need for a sensitive, simple and reliable method for the determination of iodate is therefore clearly recognized.
This paper describes a kinetic-spectrophotometric method for the determination of trace quantities of iodate based on its accelerating effect on the reaction of bromate with chloride in the presence of hydrazine in acidic media.
Experimental

Reagents
All solutions were prepared using reagent grade substances and triply distilled water.
The standard solution (1000 µg ml -1 ) of iodate was prepared by dissolving 0.3100 g sodium iodate (Merck) in water and diluting to the mark in a 250 ml volumetric flask. A solution of 0.02 M hydrazine was prepared by dissolving 0.5248 g of hydrazine dihydrochloride (Merck) in water and diluting to the mark in a 250 ml volumetric flask. A 0.10 M potassium bromate solution was prepared by dissolving 1.770 g of KBrO3 (Merck) in water and diluting to 100 ml in a volumetric flask. A solution of 3.05 × 10 -4 M Methyl Orange was prepared by dissolving 0.01 g of Methyl Orange (Merck) in water and diluting to 100 ml with water. A 2.0 M sodium chloride solution was prepared by dissolving 11.686 g NaCl (Merck) in water and diluting to the mark in a 100 ml volumetric flask. Sulfuric acid solution (2 M) was prepared by appropriate dilution of concentrated sulfuric acid (Merck).
Apparatus
A Shimadzu Model UV-120-01 spectrophotometer with a l-cm glass cell was used for absorbance measurements.
Procedure
All the solutions were equilibrated at 30±0.1˚C before the beginning of the reaction.
The reaction was followed spectrophotometrically by monitoring the change in absorbance at 525 nm. A suitable aliquot of a standard solution containing 0.3 -12 µg of iodate was transferred into a 10-ml volumetric flask containing 1 ml of 1.56 × 10 For the determination of iodate in iodized table salt samples, 2.9215 g of the sample was dissolved in water and diluted to the mark in a 25 ml volumetric flask. A 0.5 ml portion of this solution was transferred into a 10-ml volumetric flask containing 1 ml of 1.56 × 10 -4 M of hydrazine solution, 1 ml of 2 M H2SO4 solution and 2.3 ml of 2 M NaCl solution. Then 1 ml of 3.05 × 10 -4 M Methyl Orange solution was added and the procedure described above for the standard solution was followed. The absorbance change was measured and the iodate concentration was calculated using the calibration graph.
Results and Discussion
The reaction between bromate and chloride ions in acidic media produces Br2 and Cl2.
The produced Br2 and Cl2 react with Methyl Orange to decolorize it. 12 (2) This reaction can be monitored spectrophotometrically by measuring the decrease in absorbance versus time at 525 nm. The presence of hydrazine in the medium slows the reaction which is fairly fast in its absence or when the medium is very acidic. [13] [14] [15] The inhibition effect of hydrazine is due to its reaction with produced Br2 and Cl2.
2X2 + N2H4
N2 + 4H + + 4X -
We observed that addition of trace amounts of periodate or iodate caused an increase in the reaction rate by consuming hydrazine.
There was a relation between the increase in the reaction rate and the iodate concentration. Therefore trace quantities of iodate could be determined using this system.
Effect of variables
To take full advantage of the procedure, the reagent concentrations and reaction conditions must be optimized. Various experimental parameters were studied in order to obtain an optimized system. These parameters were optimized by setting all parameters constant and optimizing one each time.
The effect of chloride ion concentration was studied in the range of 0.0 -0.80 M. The results are shown in Fig. 1 . An increase in Cl -concentration caused an increase in the absorbance change of both the blank reaction (the reaction in the absence of periodate) and sample reaction (the reaction in the presence of periodate). As Fig. 1 shows, the plot of the difference between absorbance change for blank and sample reactions vs. Cl -concentration has a maximum at 0.56 M chloride ion. Therefore, a final concentration of 0.56 M Cl -was selected as optimum.
The effect of sulfuric acid concentration was studied in the range of 0.0 -0.24 M. The results are shown in Fig. 2 . An increase in sulfuric acid concentration caused an increase in the absorbance change of both the blank reaction and sample reaction. The plot of the difference between absorbance change for blank and sample reactions vs. sulfuric acid concentration shows a maximum at 0.20 M sulfuric acid. Therefore, a final concentration of 0.20 M sulfuric acid was selected as optimum.
The effect of hydrazine concentration on both the sample and the blank reactions was studied in the range of 0.0 -3.125 × 10 in Fig. 3 . The plot of the difference between absorbance change for blank and sample reactions vs. hydrazine concentration shows a maximum at 1.56 × 10 -5 M hydrazine. Therefore, a final concentration of 1.56 × 10 -5 M hydrazine was selected as optimum.
The effect of bromate concentration on both the sample and blank reactions was studied in the range of 3.2 × 10 -5 -3.12 × 10 -4 M. The absorbance change for both the reactions increased by increasing hydrazine concentration. The results are shown in Fig. 4 . The difference between absorbance change for blank and sample reactions increased by increasing bromate concentration up to 1.72 × 10 -4 M and remained nearly constant at higher concentrations. Therefore, a final concentration of 1.92 × 10 -4 M bromate was selected as optimum.
The effect of Methyl Orange concentration on both the sample and blank reactions was studied in the range of 1.5 × 10 -5 -7.3 × 10 -5 M. The results showed that Methyl Orange concentration in the investigated range had no effect on the sample or blank reactions. Therefore, a concentration of 3.05 × 10 -5 M Methyl Orange was used for routine works.
The effect of temperature on blank and sample reactions in the range of 5 -40˚C was investigated. The results are shown in Fig. 5 . The absorbance change for both the reactions increased by increasing temperature. As Fig. 5 shows, the difference between the absorbance changes for blank and sample reactions increased up to 30˚C and remained nearly constant at higher temperatures. Therefore, 30˚C was selected as the optimum temperature.
Analytical parameters
The calibration graphs were obtained by a fixed time method under the optimum conditions. The calibration graph was linear in the range of 0.03 -1.2 µg ml -1 . The regression equation is ∆A = 0.565 + 0.411C, with a correlation coefficient of 0.9992, where ∆A is the sample signal and C is the iodate concentration in µg ml -1 . To evaluate the precision and accuracy of the method, a series of independent standard samples was used. The results are given in Table 1 .
The limit of detection which can be calculated on the basis of YLOD = YB + 3SB, in which YLOD, YB and SB are signal of limit of detection, signal of blank and, standard deviation of blank, signal of blank and, standard deviation of blank, 16 respectively, was 0.02 µg ml -1 .
Selectivity
To determine the selectivity of the proposed method, we studied the effect of various cations and anions on the determination of 0.5 µg ml -1 iodate. An error of ±3% was considered tolerable. The results are given in Relative error, % RSD (n = 10), % the investigated ions, Br -and NO2 -interfered in the determination of iodate, probably by its reduction in acid media.
Application
In order to evaluate the analytical applicability of the proposed method iodate was determined in table salt samples. The samples were purchased from the local market. Table 3 shows the results obtained by both the proposed method and the standard method. 17 As Table 3 shows there is a good agreement between the results obtained by the proposed method and those obtained by the standard method. 
